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(54) HIGH-FREQUENCY WAVE COMPOSITE SWITCH MODULE AND MOBILE BODY 
COMMUNICATION DEVICE USING THE SAME 



(57) A high frequency composite switch module for 
a mobile communication device, wherein high frequen- 
cy circuits such as a power amplifier, a circuit functioning 
as a transmitter/receiver switching circuit, a surface 
acoustic wave (SAW) filter for reception, and the like are 
modularized into one unit. A transmitter circuit includes 
a transmitter side impedance converter comprising an 
impedance matching circuit and an impedance convert- 
er circuit, a power amplifier and a power supply unit. A 



receiver circuit includes a receiver-side impedance con- 
verter comprising a phase shifting circuit and a SAW fil- 
ter. The power amplifier and the impedance converter 
circuit are integrated into one IC chip. At least one of the 
matching circuit, the power supply unit and the phase 
shifting circuit is formed inside a multilayer board com- 
prised of a conductor layer and a dielectric layer. The IC 
chip and the SAW filter are also mounted on the multi- 
layer board. 
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1 EP1 

Description 
TECHNOCAL FIELD 

[0001] The present invention relates to a high fre- 
quency circuit module adapted for use in a mobile com- 
munication device such as a portable phone. 

BACKGROUND ART 

[0002] With widespread use of mobile telecommuni- 
cations such as portable phones, there is an upward 
trend in use of mobile communication devices that have 
facilities to use two different communication systems 
such as the dual-band cellular telephone system. 
[0003] Any such telecommunication device hitherto 
often shares an antenna for both of the two communi- 
cation systems. The device requires two channels of 
transmitter circuit and receiver circuit independently for 
the respective communication systems. Each of them is 
selected with a switch for making a communication. In 
general, a high frequency section in any of these trans- 
mitter circuits comprises a power amplifier, a low pass 
filter, and the like. A high frequency section in any of the 
receiver circuits comprises an impedance matching cir- 
cuit, a surface acoustic wave filter (hereinafter referred 
to as SAW filter), and the like. 
[0004] One of these transmitter circuits and receiver 
circuits is put into connection with the antenna when in 
operation. For this purpose, a transmitter/receiver 
switching circuit using a PIN diode is provided at an an- 
tenna side of each circuit, and it is operated under the 
control of a logic circuit. Telecommunication is thus ac- 
complished in any of the two different communication 
systems. 

[0005] Normally, high frequency sections of the mo- 
bile communication devices are modularized and built 
into the devices for simplification of the design and man- 
ufacturing ease of the communication devices in most 
cases. They are frequently called high frequency com- 
posite switch modules, high frequency circuit modules, 
high frequency front-end modules and the like. 
[0006] Fig. 12 and Fig. 13 show one example of the 
high frequency composite switch modules which have 
been used heretofore in the mobile communication de- 
vices designed for two different communication sys- 
tems. Fig. 12 is an exploded perspective view, and Fig. 
13 is a block diagram of the same. 
[0007] In this module, a wiring pattern of a transmitter/ 
receiver switching circuit, i.e. the switching circuit for se- 
lecting between a transmission signal and a reception 
signal, and low pass filters (LPF) 1206 in transmitter cir- 
cuits shown in Fig. 13 are composed of conductor pat- 
terns 1202 disposed inside a multilayer board formed 
by stacking a plurality of dielectric layers 1 201 , as shown 
in Fig. 12. Besides, PIN diodes 1203, SAW filter 1204, 
and chip components 1205, which constitute the switch- 
ing circuit, are mounted on an outer surface of the mul- 
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tilayer board. 

[0008] In this device here, the SAW filter 1204 is used 
as a band pass filter (BPF) of the receiver circuit shown 
in Fig. 13. 

5 [0009] Also, Single-Pole Double-Throw (SPDT) 
switch 1207 is composed of conductor patterns 1202 in 
the multilayer board, PIN diodes 1203 and chip compo- 
nents 1205. 

[0010] A power amplifier is not included in this mod- 

10 ule, but it is arranged separately for the reason of heat 
and dimension. As a result, it requires additional trans- 
mission lines as signal paths for connection between the 
module and the power amplifier. Moreover, it is neces- 
sary to separately provide additional wiring for power 

15 supply to both of these components. 

[001 1] Furthermore, this module uses a switching cir- 
cuit having PIN diodes for selection between the two 
communication systems as well as between the trans- 
mission and reception signals. This module contains 

20 four PIN diodes, chip components and wiring patterns 
as the constituent components. Consequently, a scale 
of the circuit becomes inevitably large, the circuit struc- 
ture becomes complicated, and a large number of com- 
ponents also become necessary. Accordingly, since 

25 they increase a transmission loss in the signal wires, a 
transmission power at an antenna end and a receiving 
power at an input terminal of the receiver circuit de- 
crease to that extent. In other words, an overall efficien- 
cy of the mobile communication device decreases in re- 

30 spect to the transmission power and the receiving pow- 
er. 

DISCLOSURE OF THE INVENTION 

35 [0012] It is an object of this invention to provide a 
small, simple, low-priced, and highly efficient high fre- 
quency composite switch module for use in a mobile 
communication device. In this high frequency composite 
switch module, high frequency circuits such as a power 

^0 amplifier, a circuit that functions as a transmitter/receiv- 
er switching circuit, a band pass filter for reception and 
the like are integrated into one body. 
[0013] This high frequency composite switch module 
is provided with a common terminal to which both a 

45 transmitter circuit and a receiver circuit are connected 
together. In the transmitter circuit and the receiver cir- 
cuit, their respective transmission signal and reception 
signal are switched equivalently with respect to one an- 
other through the common terminal. 

50 [0014] Here, the transmitter circuit includes a trans- 
mitter side impedance converter, an amplifier, and a 
power supply unit. The transmitter side impedance con- 
verter comprises an impedance matching circuit and an 
impedance converter circuit, and it reflects the reception 

55 signal when in receiving operation. The amplifier ampli- 
fies the transmission signal to a predetermined level. 
The power supply unit supplies electric power to the am- 
plifier. 



3 



EP 1 355 432 A1 



4 



frequency composite switch module according to 
the first exemplary embodiment of the present in- 
vention; 

Fig. 3 is a block diagram showing another architec- 
5 tural example of the high frequency composite 
switch module according to the first exemplary em- 
bodiment of the present invention; 
Fig. 4 is a block diagram showing still another ar- 
chitectural example of the high frequency compos- 
10 ite switch module according to the first exemplary 
embodiment of the present invention; 
Fig. 5 is a cross sectional view showing another 
structural example of the high frequency composite 
switch module according to the first exemplary em- 
15 bodiment of the present invention; 

Fig. 6 is a cross sectional view showing another 
structural example of the high frequency composite 
switch module according to the first exemplary em- 
bodiment of the present invention; 
20 Fig. 7 is a cross sectional view showing still another 
structural example of the high frequency composite 
switch module according to the first exemplary em- 
bodiment of the present invention; 
Fig. 8 is a cross sectional view showing still another 
25 structural example of the high frequency composite 
switch module according to the first exemplary em- 
bodiment of the present invention; 
Fig. 9 is a cross sectional view showing still another 
structural example of the high frequency composite 
30 switch module according to the first exemplary em- 
bodiment of the present invention; 
Fig. 10 is a cross sectional view showing yet anoth- 
er structural example of the high frequency com- 
posite switch module according to the first exem- 
35 piary embodiment of the present invention; 

Fig. 1 1 is a block diagram of a high frequency com- 
posite switch module according to a second exem- 
plary embodiment of the present invention; 
Fig. 12 is an exploded perspective view of a high 
40 frequency composite switch module of the prior art; 
and 

Fig. 13 is a block diagram of the high frequency 
composite switch module of the prior art. 



[001 5] In the receiver circuit, the receiver side imped- 
ance converter comprises a phase shifting circuit and a 
SAW filter, and it reflects the transmission signal when 
in transmitting operation. 

[0016] Also, the amplifier and the impedance convert- 
er circuit are formed in a single IC chip. Furthermore, at 
least one of the impedance matching circuit, the power 
supply unit, and the phase shifting circuit is formed in- 
side a multilayer board which comprises a conductor 
layer and a dielectric layer. Moreover, at least one of the 
IC chip and the SAW filter is mounted on an outer layer 
of the multilayer board. 

[0017] With the module composed as described, the 
transmission signal and the reception signal in the trans- 
mitter circuit and the receiver circuit are reflected at an 
entry port of the respective other circuit. Therefore, 
switching operation for the transmission and reception 
signals is made equivalent^. In other words, the high 
frequency circuit section can be downsized and simpli- 
fied, since it does not require a transmitter/receiver 
switching circuit such as the conventional one, and 
thereby realizing a reduction in cost as well as low loss 
in handling the signals. Also, since the amplifier and the 
peripheral circuits are integrated into one chip, the trans- 
mission signal lines can be shortened, and loss of the 
transmission signals can be reduced. 
[0018] In another embodiment of this invention, there 
is provided a high frequency composite switch module 
adapted for use with two different communication sys- 
tems. 

[0019] This high frequency composite switch module 
comprises a wave splitter circuit for separating signals 
of two communication bands used for the two different 
communication systems, and transmitter circuits and re- 
ceiver circuits for processing the signals of the two com- 
munication bands respectively. 
[0020] Also, an amplifier and an impedance converter 
circuit for each of the communication systems are re- 
spectively composed of one IC chip. 
[0021] In addition, at least one of an impedance 
matching circuit, a power supply unit and a phase shift- 
ing circuit for each of the communication systems is 
formed inside a multilayer board which comprises a con- 
ductor layer and a dielectric layer. Furthermore, at least 
one of the IC chip and a SAW filter corresponding to 45 
each of the communication systems is mounted on an 
outer layer of the multilayer board. The module is thus 
downsized and simplified, and thereby this module of 
low signal loss can be supplied at low price. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 is a block diagram of a high frequency com- 55 
posite switch module according to a first exemplary 
embodiment of the present invention; 
Fig. 2 is an exploded perspective view of the high 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Referring now to Fig. 1 through Fig. 11 , exem- 
plary embodiments of the present invention will be de- 
scribed hereinafter. 

[0024] A high frequency composite switch module de- 
scribed below includes a power amplifier and a switch- 
ing circuit. Therefore, this can provide the module which 
is downsized, simplified, reduced in cost, and improved 
in it performances for the whole of the high frequency 
circuits. 
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(First Exemplary Embodiment) 

[0025] Fig. 1 is a block diagram of a high frequency 
composite switch module according to the first exem- 
plary embodiment of this invention. 5 
[0026] In this module, amplifier 104 and transmitter- 
side impedance converter 111 are connected between 
transmission terminal 102 and common terminal 100 in 
a transmitter circuit, as shown in Fig. 1. Power supply 
unit 1 07 is connected between amplifier 1 04 and trans- 10 
mitter-side impedance converter 111. 
[0027] Transmitter-side impedance converter 111 
comprises impedance converter circuit 105 and imped- 
ance matching circuit 106 in order to pass and reflect 
transmission signal and reception signal respectively to *5 
the maximum extent possible. In this embodiment, am- 
plifier 104 and impedance converter circuit 105 are in- 
tegrated into one IC chip 110. 
[0028] In a receiver circuit, receiver-side impedance 
converter 112 is connected between common terminal 20 
100 and receiving terminal 103. Receiver-side imped- 
ance converter 1 1 2 comprises phase shifting circuit 1 08 
and SAW filter 109 in order to pass and reflect the re- 
ception signal and the transmission signal respectively 
to the maximum extent possible. 25 
[0029] Fig. 2 is an exploded perspective view of the 
high frequency composite switch module of this first ex- 
emplary embodiment. 

[0030] An impedance matching circuit, a power sup- 
ply unit and a phase shifting circuit are composed of in- 30 
terlayer conductor patterns 202, each formed between 
respective two of a plurality of dielectric layers 201, as 
shown in Fig. 2. In addition, IC chip 203 and SAW filter 
204 are mounted on the outermost one of dielectric lay- 
ers 201 . IC chip 203 in this figure corresponds to afore- 35 
said IC chip 110 in which amplifier 104 and impedance 
converter circuit 1 05 are integrated. Also, SAW filter 204 
corresponds to SAW filter 109. 
[0031] The high frequency composite switch module 
constructed as above operates in a manner which is de- 40 
scribed hereinafter. 

[0032] When in transmission, power supply unit 107 
supplies a bias current to turn the amplifier 104 into an 
operating mode. A transmission signal input from trans- 
mission terminal 1 02 is input to impedance converter cir- 45 
cuit 105 after amplified by amplifier 104. The impedance 
is not converted here, but the signal is input to matching 
circuit 106 which carries out impedance matching. 
[0033] A circuit constant of phase shifting circuit 108 
is set to such a value that makes an input impedance of so 
SAW filter 109 the highest in a frequency band of the 
transmission signal as measured from common terminal 
100. As a result, this makes the impedance sufficiently 
high in a direction from common terminal 100 toward 
receiving terminal 103. Therefore, most of the transmis- 55 
sion signal is reflected at an input port of the receiver 
circuit, and most of the transmission signal is output 
from antenna terminal 101. 



[0034] When in reception, on the other hand, recep- 
tion signal input from antenna terminal 101 passes 
through phase shifting circuit 108, and only a part of the 
signal in a frequency band of the reception signal pass- 
es SAW filter 1 09 and is output to receiving terminal 1 03. 
[0035] A circuit constant of impedance converter cir- 
cuit 105 is set to such a value that makes an impedance 
of impedance converter circuit 105 sufficiently high in 
the receiving frequency band as measured from com- 
mon terminal 100. As a result, this makes the imped- 
ance sufficiently high in a direction from common termi- 
nal 100 toward transmission terminal 102. Therefore, 
most of the reception signal is reflected at an output port 
of the transmitter circuit, and most of the reception signal 
is output from the receiving terminal 103. 
[0036] Here, a power supply to impedance converter 
circuit 105 may be provided by sharing the power supply 
for amplifier 104. In this case, a number of logic circuits 
for controlling the power supply can be reduced by one 
in the mobile communication device employing this 
module, thereby contributing to a reduction in size of the 
circuit. 

[0037] Besides, impedance converter circuit 1 05 may 
be comprised of a circuit using any of a field-effect tran- 
sistor, a PIN diode and a varactor diode, or a switch us- 
ing a gallium arsenide semi-conductor. Any of these cir- 
cuits can be integrated easily into a single IC chip with 
the amplifier. Also, a manufacturing cost of it remains 
virtually unchanged from that of the case in which only 
the amplifier is integrated into an IC chip. 
[0038] Furthermore, directional coupler 311 may be 
disposed between impedance matching circuit 106 and 
common terminal 100, as shown in Fig. 3. When this is 
the case, an auxiliary line of directional coupler 311 can 
be used as a monitor terminal for monitoring an output 
signal, so as to make the module highly functional. 
[0039] Moreover, directional coupler 311 can be com- 
posed using a conductor pattern formed inside the mul- 
tilayer board. In this case, it realizes the module provid- 
ed with a monitor terminal without increasing its size. In 
addition, the conductor pattern composing directional 
coupler 311 may be formed so that it is electromagnet- 
ically coupled to a conductor pattern which functions as 
an inductor constituting the impedance matching circuit 
and connected in series to a flow of the signal. In this 
way, the directional coupler can be integrated with the 
impedance matching circuit. Therefore, it can accom- 
plish not only an increase in functions of the module but 
also a reduction in size. Additionally, it can improve de- 
sign flexibility of the conductor pattern. 
[0040] Furthermore, Direct Current (DC) blocking ca- 
pacitor 41 2 may be disposed between impedance con- 
verter circuit 105 and impedance matching circuit 106, 
as shown in Fig. 4. Power consumption can be reduced 
in this case, because it prevents the DC supplied to am- 
plifier 104 and impedance converter circuit 105 from 
flowing toward other circuit components. 
[0041] In addition, the circuit between impedance 
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converter circuit 105 and common terminal 100 may be 
so constructed as to produce a phase difference equal 
to an integral multiple of one-half wavelength of the re- 
ceiving frequency band, while amplifier 1 04 is not in op- 
eration. In this case, an impedance of the circuit in a 5 
direction from common terminal 100 toward transmis- 
sion terminal 102 increases sufficiently as it becomes 
equal to an output impedance of the amplifier in the re- 
ceiving frequency band. Most of the reception signal is 
therefore reflected at an output port of the transmitter 10 
circuit, and it hardly appears at transmission terminal 
102. 

[0042] What has been described above is a variety of 
structures useful for the transmitter circuit, whereas the 
following structures are available for the receiving cir- is 
cuit. 

[0043] Phase shifting circuit 1 08 may be composed of 
a conductor pattern which functions as an inductor con- 
nected in series to a signal line and a capacitor connect- 
ed in parallel between the signal line and the ground. 20 
This can reduce a size of phase shifting circuit 108. 
[0044] Also, it is desirable that SAW filter 1 09 has 0.8 
or greater in level of reflection coefficient to input in the 
transmission frequency band. In this case, an imped- 
ance of the receiving circuit in a direction from common 25 
terminal 100 toward receiving terminal 103 increases to 
a sufficiently high value in the transmission frequency 
band. Therefore, most of the transmission signal is re- 
flected at an input port of the receiver circuit, and it hard- 
ly appears at receiving terminal 103. 30 
[0045] Moreover, at least one of parallel capacitors 
connected between the ground and the signal line in 
matching circuit 106 may be replaced with a varistor. In 
this case, the module can be protected from surge volt- 
ages and surge currents induced by lightning and the 35 
like. 

[0046] Furthermore, dielectric layers 51 3 may be pro- 
vided with thermal via holes 517 formed underneath IC 
chip 515 mounted on the multilayer board, as shown in 
Fig. 5. When this is the case, heat generated by IC chip *o 
51 5 is effectively dissipated through these via holes 51 7. 
In this case here, IC chip 515 corresponds to IC chip 
110. 

[0047] In the structure shown in Fig. 5, SAW filter 516 
corresponding to IC chip 515 and SAW filter 109 is 45 
mounted on an outer layer of the multilayer board. 
[0048] In addition, the structure may be so arranged 
that shielding case 618 is placed to cover IC chip 515 
and SAW filter 516, and case 618 is bonded to IC chip 
515 with conductive resin 619, as shown in Fig. 6. This 50 
structure can also effectively dissipate the heat gener- 
ated by IC chip 51 5. Here, interlayer conductor patterns 
514 are formed in a manner that they are held sand- 
wiched between dielectric layers 513, as shown in Fig. 
6. 55 
[0049] Also, as shown in Fig. 7, the structure may be 
such that silicon dioxide layer 720 is provided between 
the multilayer board and SAW filter 516. In the case of 



this structure, the heat generated by IC chip 515 does 
not transmit easily to SAW filter 51 6. It can thus improve 
a temperature characteristic of SAW filter 516. 
[0050] Alternatively, the structure can be such that the 
multilayer board is provided with a recess in the bottom 
surface and IC chip 822 is placed in the recess while 
SAW filter 516 is mounted on the upper surface of the 
multilayer board as shown in Fig. 8. In this structure, the 
recess in the multilayer board is covered with metal plate 
824 bonded to IC chip 822 with conductive resin 823, 
as shown in Fig. 8. The heat generated by IC chip 515 
is efficiently dissipated also in this case. Furthermore, 
the multilayer board may be provided with room layer 
925 as shown in Fig. 9, instead of forming the multilayer 
board by consecutively stacking conductor layers and 
dielectric layers without any space therebetween. Air 
layer in the room layer in this structure also makes the 
heat generated by IC chip 515 difficult to transmit to 
SAW filter 516, so as to improve the temperature char- 
acteristic of SAW filter 516. 

[0051] In addition, it is appropriate to fill room layer 
925 with thermal insulation resin. Since the insulation 
resin in this case prevents the heat generated by IC chip 

51 5 from transmitting to SAW filter 516, it also improves 
the temperature characteristic of SAW filter 516. 
[0052] Moreover, the multilayer board may be provid- 
ed with groove 1 027 between IC chip 515 and SAW filter 

51 6 mounted on it, as shown in Fig. 1 0, instead of it hav- 
ing a flat upper surface. Since the groove also prevents 
the heat generated by IC chip 515 from transmitting to 
SAW filter 516, it improves the temperature character- 
istic of SAW filter 516. 

[0053] In what have been described above, the IC 
chip is placed to the outer surface or in the recess of the 
multilayer board. Alternatively, the SAW filter may be 
placed on the outer surface or in the recess of the mul- 
tilayer board. 

[0054] In the structure of the present exemplary em- 
bodiment, there can be numerous variations in the type 
of the multilayer board and the method of fabrication, 
structure of the impedance matching circuit, the power 
supply circuit and the phase shifting circuit formed in the 
multilayer board, and the method of forming them in the 
multilayer board, and structure of the amplifier and the 
impedance converter circuit, and the method of forming 
them in the IC chip. However, the present invention is 
not restrictive only to those detailed above. 
[0055] In the module of this exemplary embodiment 
as described above, amplifier 104 and the impedance 
converter circuit 1 05 are included in one IC chip 203 (re- 
fer to Fig. 2), and mounted to the module. In addition, 
this module does not require a conventional transmitter/ 
receiver switching circuit, since it functions equivalents 
as the transmitter/receiver switching circuit. A small, 
simple, and low-priced high frequency composite switch 
module can be thus provided. 

[0056] In addition, this module can provide a signal 
line of low loss because of the small size. It can therefore 
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improve an overall efficiency of transmission power and 
reception power of the antenna. 

(Second Exemplary Embodiment) 

5 

[0057] Fig. 1 1 is a block diagram of a high frequency 
composite switch module according to the second ex- 
emplary embodiment of the present invention. 
[0058] The module shown in Fig. 11 enables trans- 
mission and reception through two different communi- 10 
cation systems. The module has wave splitter circuit 
1105. Wave splitter circuit 1105 has common terminal 
1102 to be connected to an antenna, first terminal 1103 
and second terminal 1104. Each of the first and the sec- 
ond terminals is connected with both a transmitter circuit 15 
and a receiver circuit in the same manner as the first 
exemplary embodiment. 

[0059] A first transmitter circuit comprising first ampli- 
fier 1108, first power supply unit 1111, first impedance 
converter circuit 1 1 09 and first impedance matching cir- 20 
cuit 1110 is connected between first terminal 1103 and 
first transmission terminals 1106. Here, first impedance 
converter circuit 1109 and first impedance matching cir- 
cuit 1110 constitute a first transmitter side impedance 
converter, of which a function is to pass and reflect first 25 
transmission signal and first reception signal respective- 
ly to the maximum extent possible. 
[0060] On the other hand, first receiver circuit com- 
prising first phase shifting circuit 1 1 1 2 and first SAW filter 
1113 is connected between the first terminal 1103 and 30 
first receiving terminal 1107. Here, first phase shifting 
circuit 1112 and first SAW filter 1113 constitute a first 
receiver side impedance converter, of which a function 
is to pass and reflect the first reception signal and the 
first transmission signal respectively to the maximum 35 
extent. In this structure here, first amplifier 1 1 08 and first 
impedance converter circuit 1 1 09 are integrated into first 
IC chip 1114. 

[0061] Also, a second transmitter circuit comprising 
second amplifier 1117, second power supply unit 1120, 40 
second impedance converter circuit 1118, and second 
impedance matching circuit 1119 is connected between 
the second terminal 1104 and second transmission ter- 
minal 1115. 

[0062] Here, second impedance converter circuit 45 
1118 and second impedance matching circuit 1119 con- 
stitute a second transmitter side impedance converter, 
of which a function is to pass and reflect second trans- 
mission signal and second reception signal respectively 
to the maximum extent. 50 
[0063] On the other hand, second receiver circuit 
comprising second phase shifting circuit 1121 and sec- 
ond SAW filter 1122 is connected between second ter- 
minal 1104 and second receiving terminal 1116. 
[0064] Second phase shifting circuit 1 1 21 and second 55 
SAW filter 1122 constitute a second receiver side im- 
pedance converter, of which a function is to pass and 
reflect the second reception signal and the second 



transmission signal respectively to the maximum extent. 
Here, second amplifier 1117 and second impedance 
converter circuit 1118 are integrated into second ICchip 
1123. 

[0065] In the module of this exemplary embodiment, 
first and second impedance matching circuits 1110 and 

1119, first and second power supply units 1111 and 

1120, and first and second phase shifting circuits 1112 
and 1121 are composed of interlayer conductor pat- 
terns, each formed between respective two of a plurality 
of dielectric layers that constitute the multilayer board, 
in the like manner as the first exemplary embodiment. 
Also, at least one of first and second IC chips 1114, and 
1123, and first and second SAW filters 1113 and 1122 is 
mounted on the outer surface of the multilayer board. 
[0066] The module composed as above operates in a 
manner which will be described hereinafter. 
[0067] Wave splitter circuit 1105 includes first filter 
1150A which has a sufficiently large input/output imped- 
ance in the second communication band, and second 
filter 1105B which also shows a sufficiently large input/ 
output impedance in the first communication band. 
[0068] Therefore, most of the signal in the first com- 
munication band is reflected at the second filter, while 
most of the signal passes through between common ter- 
minal 1102 and first terminal 1103, and the signal hardly 
appears at second terminal 1104. 
[0069] Also, most of the signal in the second commu- 
nication band is reflected at the first filter, while most of 
the signal passes through between common terminal 
1102 and second terminals 1104, and the signal hardly 
appears at first terminal 1103. 
[0070] When transmitting a first transmission signal in 
the first communication band, first power supply unit 

1111 supplies a bias current to turn first amplifier 1108 
into an operating mode. 

[0071] The first transmission signal is input from first 
transmission terminal 1106, and it is input to first imped- 
ance converter circuit 1109 after amplified by the first 
amplifier 1108. There, the impedance is not converted, 
but the signal is input to first matching circuit 1110 which 
carries out impedance matching. 
[0072] A circuit constant of first phase shifting circuit 

1112 is set to such a value that makes an input imped- 
ance of first SAW filter 1 1 1 3 in the first transmission fre- 
quency band as measured from the first terminal 1103 
the highest. In other words, this makes the impedance 
sufficiently high in a direction from first terminal 1103 to- 
ward first receiving terminal 1 1 07. Therefore, most of the 
first transmission signal is reflected at an input port of 
the first receiver circuit, and most of the signal is output 
from first terminal 1103 to common terminal 1102 via 
wave splitter circuit 1105. 

[0073] When receiving a first reception signal in the 
first communication band, the first reception signal re- 
ceived in the antenna is led to first phase shifting circuit 

1112 via wave splitter circuit 1105. Then, first SAW filter 

1113 passes only signal of the first receiving frequency 
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band, and outputs it to first receiving terminal 1107. 
[0074] In this instance, a circuit constant of first im- 
pedance converter circuit 1109 is set to such a value 
that makes an impedance of first impedance converter 
circuit 1109 sufficiently high in the first receiving fre- 
quency band as measured from the first terminal 1103. 
That is, this makes the impedance in the first receiving 
frequency band sufficiently high in a direction from first 
terminal 1103 toward first transmission terminal 1106. 
[0075] Therefore, most of the first reception signal is 
reflected at an output port of the first transmitter circuit, 
and most of the first reception signal is output to first 
receiving terminal 1107. 

[0076] When transmitting a second transmission sig- 
nal in the second communication band, second power 
supply unit 1120 supplies a bias current to turn second 
amplifier 1117 into an operating mode. 
[0077] The second transmission signal is input from 
second transmission terminal 1115, and it is input to first 
impedance converter circuit 1118 after amplified by sec- 
ond amplifier 1117. There, the impedance is not convert- 
ed, but the signal is input to first matching circuit 1119 
which carries out impedance matching. 
[0078] A circuit constant of second phase shifting cir- 
cuit 1121 is set to such a value that makes an input im- 
pedance of second SAW filter 1 122 measured from sec- 
ond terminal 1104 the highest in the second transmis- 
sion frequency band. In other words, this makes the im- 
pedance sufficiently high in a direction from second ter- 
minal 1104 toward second receiving terminal 1116. 
Therefore, most of the second transmission signal is re- 
flected at an input port of the second receiver circuit, 
and most of the signal is output from second terminal 
1104 to common terminal 1102 via wave splitter circuit 
1105. 

[0079] When receiving a second reception signal in 
the second communication band, the second reception 
signal received in the antenna is led to second phase 
shifting circuit 1121 via wave splitter circuit 1105. 
[0080] Then, second SAW filter 1122 passes only sig- 
nal of the second receiving frequency band, and outputs 
it to second receiving terminal 1116. In this instance, a 
circuit constant of second impedance converter circuit 
1118 is set to such a value that makes an impedance of 
second impedance converter circuit 1118 sufficiently 
high in the second receiving frequency band as meas- 
ured from second terminal 1104. That is, this makes the 
impedance in the second receiving frequency band suf- 
ficiently high in a direction from second terminal 1104 
toward first transmission terminal 1115. Therefore, most 
of the second reception signal is reflected at an output 
port of the second transmitter circuit, and most of the 
signal is output to second receiving terminal 1116. 
[0081] Although the present exemplary embodiment 
has been described as using two IC chips, each corre- 
sponding to the respective communication band, they 
may be integrated into single IC chip. In this case, it can 
further reduce a size of the high frequency composite 



switch module for use with two different communication 
systems. 

[0082] Furthermore, although the present exemplary 
embodiment has been described as using two SAW fil- 
5 ters, each corresponding to the respective communica- 
tion band, they may be combined into one package of 
SAW filters. This can also reduce the size of the module 
even further. 

[0083] Moreover, a varistor may be employed in place 

10 of at least one of parallel capacitors among those series 
inductors and parallel capacitors that constitute wave 
splitter circuit 1105 of this exemplary embodiment. In 
this case, the module can be protected from surge volt- 
ages and surge currents due to lightning and the like. 

15 [0084] In the structure of the present exemplary em- 
bodiment, there are numerous variations in the type of 
the multilayer board and the method of fabrication, 
structure of the two impedance matching circuits, two 
power supply circuits and two phase shifting circuits, 

20 and the method of forming them in the multilayer board, 
and structure of the amplifier and the impedance con- 
verter circuit, and the method of forming them in the IC 
chip. However, the present invention is not restrictive 
only to those detailed above. 

25 [0085] As discussed above, the module of this exem- 
plary embodiment is not only adaptable for use with two 
different communication systems, but also capable of 
simplifying the module, reducing the size and cost of the 
module itself, since it includes a circuit that functions as 

30 an amplifier as well as a transmitter / receiver switching 
circuit. 

[0086] In addition, this module can improve an overall 
efficiency of transmission and reception of power to and 
from the antenna since it can reduce a transmission loss 
35 as a result of size reduction which shortens a length of 
the signal line. 

INDUSTRIAL APPLICABILITY 

w [0087] According to the present invention, nearly all 
of high frequency circuits such as the circuit functioning 
as the power amplifier and the transmission and recep- 
tion switching circuit, the band-pass filter for reception, 
and the like can be integrated as one module. The in- 

45 vention can thus make possible a reduction in size and 
simplification of the mobile communication device which 
uses this module. With this advantage, the invention can 
also realize reduction in material and number of the 
components for the communication device. The inven- 

50 tion thus achieves a price reduction of the device. More- 
over, this module can decrease a loss of signal by way 
of shortening and simplifying the signal line. According- 
ly, the invention can improve the overall efficiency of the 
transmission and reception power in the antenna, which 

55 gives rise to an improvement in performance of the de- 
vice. 
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Claims 



5. 



A high frequency composite switch module for 
switching between transmission of a transmission 
signal and reception of a reception signal using a 5 
common terminal, said switch module comprising: 

a) a transmitter side impedance converter in- 
cluding an impedance matching circuit and an 
impedance converter circuit, and connected to 10 
said common terminal for reflecting said recep- 
tion signal when in receiving operation; 

b) an amplifier for amplifying and outputting 
said transmission signal to said transmitter side 
impedance converter; 15 

c) a power supply unit for supplying electric 
power to said amplifier; and 

d) a receiver side impedance converter includ- 
ing a phase shifting circuit and a surface acous- 
tic wave (SAW) filter, and connected to said 20 
common terminal for reflecting said transmis- 
sion signal when in transmitting operation, 



7. The high frequency composite switch module as set 
forth in claim 1 , wherein a directional coupler is dis- 
posed between said impedance matching circuit 
and said common terminal. 



8. 



9. 



The high frequency composite switch module as set 
forth in claim 7, wherein said directional coupler 
comprises a conductor pattern formed inside said 
multilayer board. 

The high frequency composite switch module as set 
forth in claim 7, wherein said directional coupler is 
comprises a conductor pattern coupled electromag- 
netically to another conductor pattern which func- 
tions as a series inductor constituting said imped- 
ance matching circuit. 



10. The high frequency composite switch module as set 
forth in claim 1, wherein a direct current blocking 
capacitor is disposed between said impedance 
matching circuit and said impedance converter cir- 
cuit. 



wherein: 

i) said amplifier and said impedance converter 
circuit are integrated in a single IC chip; 

ii) at least one of said impedance matching cir- 
cuit, said power supply unit and said phase 
shifting circuit is formed inside a multilayer 
board comprising a conductor layer and a die- 
lectric layer; and 

iii) at least one of said IC chip and said SAW 
filter is mounted on an outersurface of said mul- 
tilayer board. 

The high frequency composite switch module as set 
forth in claim 1 , wherein a power supply for said im- 
pedance converter circuit is in common with the 
power supply for said amplifier. 

The high frequency composite switch module as set 
forth in claim 1, wherein said impedance converter 
circuit includes a field-effect transistor. 

The high frequency composite switch module as set 
forth in claim 1 , wherein said impedance converter 
circuit includes a switch using a gallium arsenide 
semi-conductor. 

The high frequency composite switch module as set 
forth in claim 1, wherein said impedance converter 
circuit includes a PIN diode. 

The high frequency composite switch module as set 
forth in claim 1, wherein said impedance converter 
circuit includes a varactor diode. 



11 



25 



30 



The high frequency composite switch module as set 
forth in claim 1 , wherein a phase difference equal 
to an integral multiple of one-half wavelength of any 
frequency within a reception signal frequency band 
exists between said impedance converter circuit 
and said common terminal when said amplifier is 
not in operation. 



35 



40 



45 



50 



55 



1 2. The high frequency composite switch module as set 
forth in claim 1, wherein said phase shifting circuit 
comprises a conductor pattern which functions as 
a series inductor and a parallel capacitor. 

13. The high frequency composite switch module as set 
forth in claim 1, wherein said SAW filter has 0.8 or 
greater in level of reflection coefficient to an input 
in a transmission frequency band. 

14. The high frequency composite switch module as set 
forth in claim 1 , wherein at least one of parallel ca- 
pacitors constituting said impedance matching cir- 
cuit comprises a varistor. 

1 5. The high frequency composite switch module as set 
forth in claim 1 , wherein said multilayer board is pro- 
vided with at least one via hole in communication 
with an area of outer surface where said IC chip is 
mounted. 

16. The high frequency composite switch module as set 
forth in claim 1, wherein a shielding case is placed 
to cover said IC chip and said SAW filter, and said 
shielding case is bonded to said IC chips with con- 
ductive resin. 
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17. The high frequency composite switch module as set 
forth in claim 1 , wherein a silicon dioxide layer is 
provided between said multilayer board and said 
SAW filter. 

5 

18. The high frequency composite switch module as set 
forth in claim 1 , wherein said multilayer board is pro- 
vided with a recess in a bottom surface thereof, said 
IC chip is placed in said recess, a metal plate is 
bonded to said IC chip with conductive resin in a 10 
manner to cover said recess, and said SAW filter is 
mounted on an upper surface of said multilayer 
board. 

19. The high frequency composite switch module as set *5 
forth in claim 1 , wherein said multilayer board is pro- 
vided therein with a room layer. 

20. The high frequency composite switch module as set 
forth in claim 19, wherein said room layer is filled 20 
with thermal insulation resin. 

21 . The high frequency composite switch module as set 
forth in claim 1 , wherein said multilayer board is pro- 
vided with a groove in an outer surface thereof be- 25 
tween said IC chip and said SAW filter mounted on 
said outer surface. 

22. A high frequency composite switch module adapted 

for a first commu nication system and a second com- 30 
munication system, said switch module comprising: 

a) a wave splitter circuit for separating a first 
transmission signal and a first reception signal 
from a second transmission signal and a sec- 35 
ond reception signal used respectively for said 
first communication system and said second 
communication system; 

b) a first transmitter circuit for processing said 
first transmission signal; *o 

c) a first receiver circuit for processing said first 
reception signal; 

d) a second transmitter circuit for processing 
said second transmission signal; and 

e) a second receiver circuit for processing said 
second reception signal, 

wherein 

said first transmitter circuit and said second so 
transmitter circuit respectively comprise: 
first and second transmitter side impedance 
converters including first and second imped- 
ance matching circuits and first and second im- 
pedance converter circuits respectively, for re- 55 
fleeting said first reception signal and said sec- 
ond reception signal respectively when in re- 
ceiving operation, 



first and second amplifiers for amplifying said 
first transmission signal and said second trans- 
mission signal respectively, and 
first and second power supply units for supply- 
ing electric power to said first and second am- 
plifiers respectively, 

wherein 

said first receiver circuit and said second re- 
ceiver circuit respectively comprise first and 
second phase shifting circuits, and first and 
second SAW filters, for reflecting said first and 
second transmission signals respectively when 
in transmitting operation, and 

wherein 

i) said first and second amplifiers and said first 
and second impedance converter circuits are 
formed in a first and a second IC chips respec- 
tively, 

ii) at least one of said first and second imped- 
ance matching circuits, said first and second 
power supply units, and said first and second 
phase shifting circuits is formed inside a multi- 
layer board comprising a conductor layer and 
a dielectric layer, and 

iii) at least one of said first and second IC chips 
and said first and second SAW filters is mount- 
ed on an outer surface of said multilayer board. 

23. The high frequency composite switch module as set 
forth in claim 22, wherein said first IC chip and said 
second IC chip are formed in a single IC chip. 

24. The high frequency composite switch module as set 
forth in claim 22, wherein said first SAW filter and 
said second SAW filter are formed in one SAW filter. 

25. The high frequency composite switch module as set 
forth in claim 22, wherein at least one of parallel ca- 
pacitors constituting said wave splitter circuit com- 
prises a varistor. 

26. A mobile communication device for performing 
transmission and reception, said communication 
device employing the high frequency composite 
switch module as set forth in any of claim 1 through 
claim 25. 
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Reference numerals in the drawings 
100 Common terminal 
101 , 1 101 Antenna terminal 

102 Transmission terminal 

103 Receiving terminal 

104 Amplifier 

105 Impedance converter circuit 

106 Impedance matching circuit 

107 Power supply unit 

108 Phase shifting circuit 

109 SAW filter 

1 1 1 Transmitter side impedance converter 

1 12 Receiver side impedance converter 
201, 513, 821, 1026 Dielectric layer 
202, 514 Interiayer electrode 
203,515,822 IC chip 

204,516 SAW filter 

311 Directional coupler 

412 Direct Current (D C) blocking capacitor 

517 Thermal via hole 

618 Shielding case 

619 Conductive resin 
720 Silicon dioxide layer 

823 Conductive resin 

824 Metal plate 
925 Room layer 
1027 Groove 

1102 Common terminal 

1103 First terminal 

1104 Second terminal 

1105 Wave splitter circuit 

1 106 First transmission terminal 

1 107 First receiving terminal 

1108 First amplifier 

1 109 First impedance converter circuit 

1110 First impedance matching circuit 
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1111 Power supply unit 

1112 Phase shifting circuit 

1113 SAW filter 

1114 First IC chip 

1 1 15 Second transmission terminal 

1116 Second receiving terminal 

1117 Second amplifier 

1118 Second impedance converter circuit 

1119 Second impedance matching circuit 

1120 Power supply unit 

1121 Phase shifting circuit 

1122 SAW filter 

1123 Second IC chip 
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